Background: Depression after stroke is one of the most serious complications of stroke. Although many studies have shown that the length of hospital stay (LOHS) is a measurable and important stroke outcome, research has found limited evidence concerning the effect of depression on LOHS among patients who have experienced acute stroke. The objective of this study was to assess the effect of depression on LOHS among patients hospitalized for acute ischemic stroke in Japan. Methods: We retrospectively examined 421 patients who had experienced acute ischemic stroke. Stroke severity was measured by the National Institutes of Health Stroke Scale (NIHSS) on the 7th day of hospitalization. On the 10th day of hospitalization, depressive symptoms and functional assessment were assessed by the Japan Stroke Scale (Depression Scale) and the Functional Independence Measure, respectively. A general linear model was employed to assess the effect of probable depression on LOHS.
Introduction
Depression after stroke is a serious neuropsychiatric complication with a high rate of prevalence following a stroke. 1, 2 The symptoms of depression after stroke are similar to those of endogenous depression; depression after stroke is characterized by the rapid development and onset of symptoms, an absence of reaction to external factors, and inhibition that can affect several areas (cognitive, motor, and motivational). 3 With the rapid increase in the population of elderly individuals in Japan, depression after stroke is a growing concern because depression has been regarded as a major risk factor for more functional disability 4 and poor rehabilitation outcomes. 5 Furthermore, a recent meta-analysis revealed the increased risk (odds ratio; 1.22) for mortality at follow-up among patients with depression after stroke. 6 Researchers have increasingly recognized that the length of hospital stay (LOHS) is a measurable and important stroke outcome. In studies investigating the determinants of the direct costs of stroke care, LOHS has been used as an outcome in acute stroke trials. 7, 8 LOHS must be minimized for economic reasons and to ensure the quality of submit your manuscript | www.dovepress.com
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sugawara et al life of all patients and their families. Although several studies have shown the effect of depression on LOHS among patients hospitalized for acute stroke, all of those studies have come from Western countries. [9] [10] [11] [12] Furthermore, no studies have made solid corrections for confounders such as the severity of stroke, functional independence, and living status.
The objective of this investigation was to evaluate the effect of depression on LOHS among patients hospitalized for acute stroke in Japan. To the best of our knowledge, this study is the first to assess the relationship between depression and LOHS among patients with acute ischemic stroke in Japan.
Methods Participants
We reviewed the charts of 532 patients who were admitted to the Hirosaki Stroke and Rehabilitation Center for an acute stroke between April 2012 and March 2013. The Hirosaki Stroke and Rehabilitation Center is a hospital that has both an Acute Stroke Unit and a Stroke Rehabilitation Unit and, hence, the ability to treat acute and chronic stroke. A diagnosis of stroke is based on both the presence of acute neurological symptoms and a compatible lesion found using magnetic resonance imaging (Signa EXCITE HD 1.5T; GE Medical Systems, Waukesha, WI, USA). We excluded patients with 1) serious comprehension difficulties (eg, severe aphasia), 2) hemorrhage, or 3) dementia or a history of psychiatric disease (including depression). After a detailed evaluation using the inclusion and exclusion criteria, 421 patients with acute ischemic stroke were enrolled in this study. The following information was collected for each patient: LOHS, demographics (age, sex, level of education, and living status), and stroke severity measured by the National Institutes of Health Stroke Scale (NIHSS) on the 7th day of hospitalization. 13 The data collection for this study was approved by the Ethics Committee of the Hirosaki University School of Medicine and the Hirosaki Stroke and Rehabilitation Center. Informed consent was obtained from all patients before the study. The scale assessments were performed by a qualified psychiatric specialist, and the testing was confirmed by a psychiatrist and a neurologist.
assessment of depressive symptoms and functional independence
The Japan Stroke Scale (Depression Scale) (JSS-D), which was developed by the Japan Stroke Society, was administered to all participants to measure their depressive status.
14 JSS-D is a seven-item (mood, feelings of guilt, interest, apathy, anxiety, sleeplessness, and expression) objective measure in which three choices are given for each item. The total score denoting the degree of depression was calculated according to the proper weight of each choice. Probable depression was defined as a score of 2.4 or higher. The scores of JSS-D were significantly correlated with those of the Hamilton Depression Scale (HAM-D 17 ). In addition, the scores of JSS-D were significantly correlated with those of HAM-D 17 even in patients having depression without depressed mood, feeling of guilt, and suicide. Furthermore, on the basis of receiver operating characteristic curve analysis of JSS-D, the sensitivity based on this cut-off value was 0.950 and specificity was 0.988 for depression evaluated by the Mini International Neuropsychiatric Interview. In this study, JSS-D data were collected on the 10th day of hospitalization.
The capacity to function independently in the practical task of daily living was assessed by the 18-item Functional Independence Measure (FIM), which scores levels of dependence from 18 (total assistance in all areas) to 126 (complete independence in all areas). A total FIM score is generated by summing the subscale scores of six domains assessing selfcare, sphincter management, mobility, locomotion, communication, and social cognition. 15 The FIM was administered on the 10th day of hospitalization.
statistical analysis
Descriptive analyses of the demographic and clinical variables were performed. To compare the main demographic and clinical characteristics between groups, the unpaired Student's t-test or Mann-Whitney U-test was performed to analyze the continuous variables, and chi-square tests or Fisher's exact tests were performed to analyze the categorical variables. The data are presented as means ± SD. The relationship between NIHSS scores and LOHS was tested using simple linear regression analysis. To determine the effect of probable depression on LOHS, a general linear model analysis (model 1) that included age, sex, education level, living status, NIHSS scores, FIM scores, and the presence of probable depression was employed. Interactions between the NIHSS scores and the presence of probable depression were also tested in the same model. All variables with P,0.10 in model 1 were subsequently analyzed in model 2. A value of P,0.05 was considered significant. The data were analyzed using PASW Statistics PC software for Windows, Version 18.0.0 (SPSS Inc., Chicago, IL, USA).
Results
characteristics of participants
Using a score of 2.4, which was identified by a validation study, 14 as the optimal cut-off point for identifying probable depression among patients after acute stroke, the frequency of 
effect of poststroke depression on lOhs
Trends in LOHS are depicted in Figure 1 . A significant relationship between LOHS and NIHSS scores was observed in subjects with and without probable depression (with probable depression, P,0.001; without probable depression, P,0.001). Table 1 lists the results of general linear models for LOHS among patients with ischemic stroke. In model 1, probable depression was significantly associated with LOHS (P,0.01). Living alone, NIHSS scores, and FIM scores significantly affected LOHS. Furthermore, a significant interaction between probable depression and NIHSS scores was observed. In model 2, probable depression was significantly associated with LOHS (P,0.01). Additionally, living alone, NIHSS scores, and FIM scores significantly affected LOHS. Furthermore, a significant interaction between probable depression and NIHSS scores was observed.
Discussion
This study was conducted to evaluate the effect of early depressive symptoms on LOHS among patients hospitalized for acute ischemic stroke in Japan. Participants with probable depression had greater LOHS (more than 30 days longer) than those without probable depression. In addition, a significant interaction between the presence of probable depression and the NIHSS scores in a general linear model showed that the ascending trend of LOHS with respect to the NIHSS scores was decelerated in patients with probable depression.
Several studies concerning the comorbidity of depression and LOHS have shown that patients with depression are likely to stay longer at hospitals. In a US study, Saravay et al 16 clarified the association between LOHS and depression based on the Zung Self-Rating Depression Scale (SDS) among 278 medical and surgical inpatients. In another study conducted in the US, Levenson et al 17 showed that patients with high levels of psychopathology had longer stays and higher costs during the index hospitalization but that no differences were observed during subsequent hospitalizations among 1,020 medical patients. In a Japanese study of 51 patients with noncancer diseases, Hosaka et al 18 showed that patients with depression stayed longer at the hospital than those without depression. There are some explanations for relationship between increased LOHS and depression after stroke. One possible explanation for this relationship is that patients with depression after stroke had lower functional independence in activities of daily living. 19 Lower functional independence might delay patients from achieving the maximal benefit of rehabilitation therapies. Another explanation is that patients with depression might resist hospital discharge. Depressed patients might hope for more support from medical personnel and comprehensive care in an inpatient ward. In patients with stroke, [9] [10] [11] [12] several studies have reported associations between LOHS and psychiatric disorders; however, one study failed to find such an association. 21 Concerning the relationship between the severity of psychiatric symptoms and LOHS, Schubert et al 22 showed a positive correlation between Geriatric Depression Scale scores and LOHS among 14 patients in a rehabilitation ward. In addition, Galynker et al 23 reported that the Negative Symptoms subscale of the Positive and Negative Symptom Scale in stroke patients was associated with a longer LOHS. 23 Although the mean LOHS of patients with probable depression was greater than those without probable depression, we found a different trend describing the relationship between LOHS and NIHSS scores among patients with and without probable depression in the general linear model. Patients with depression after stroke may not receive sufficient treatment relative to the severity of their stroke symptoms.
Recently, selective serotonin reuptake inhibitors (SSRIs) have been widely used for depression after stroke. There is growing evidence that SSRIs may enhance stroke recovery. 24 Although absolute risk is likely to be very low, SSRIs may increase the risk of intracranial hemorrhage. 25 To clarify the effect of SSRIs on cerebrovascular events and mortality following a stroke, further well-designed clinical studies are needed.
Apart from the depression after stroke, many studies report that other factors are associated with LOHS among patients with stroke. Previous studies have identified that functional dependency 26, 27 and severity of stroke 28 are also related to longer LOHS. Furthermore, living alone before stroke was reported to be a risk factor for institutionalization after acute stroke hospitalization. 29, 30 Consistent with previous results, we included living status, NIHSS scores, and FIM scores in the linear regression model to predict LOHS.
The current findings must be cautiously interpreted for the following reasons. First, this study used only one measure of depressive symptoms, the JSS-D, and patients were not diagnosed as having clinical depression using the Diagnostic and Statistical Manual of Mental Disorders, fourth edition. Although JSS-D screening has been thoroughly validated and widely used to assess depressive symptoms, this tool is not a formal diagnostic tool for depression. In addition, JSS-D was not designed to assess apathy, which has been reported to be associated with recovery from stroke-related physical disabilities. 31 Second, the assessment of depressive symptoms was conducted on the 10th day of hospitalization. Although half of median prehospital delays have been reported to last between 3 and 4 hours, 32 we cannot completely eliminate the possible influence of delays between the onset of symptoms and hospital admission. Second, this study excluded patients with severe aphasia or altered consciousness. Furthermore, in our study, who died in the hospital were not included as participants. This exclusion might limit the generalizability of our findings. Third, the study population consisted only of patients who were admitted to the Hirosaki Stroke and Rehabilitation Center; therefore, it may not reflect the characteristics of the entire Japanese population with depression after stroke. Further studies that include patients from various public and private hospitals are needed. Finally, several potential confounding factors, such as socioeconomic status, 
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effect of depressive symptoms on the length of hospital stay medical complications, and medication, were not assessed by our study. In particular, approximately 20% of patients after stroke suffered anxiety disorders or posttraumatic stress disorder, which might have influenced JSS-D scores. [33] [34] [35] The absence of the aforementioned factors might have influenced the current findings.
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Conclusion
Depression after stroke was found to be associated with significantly increased LOHS even after adjusting for possible confounders. The interaction between probable depression and NIHSS scores in the general linear model may indicate that patients with probable depression might not receive sufficient treatment relative to the severity of their stroke symptoms. Early detection and treatment for depressive symptoms are needed for patients with ischemic stroke.
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